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The present research work mainly focuses on the fabrication of 0.85PMN-0.15PT thin film relaxor 
ferroelectrics for energy harvesting applications.  
Chapter 1 gives a brief review about why energy harvesting is required and the different ways it can be 
scavenged. An introduction to relaxor ferroelectrics and their characteristics structural features are 
discussed. A brief introduction is given about charge storage, electrocaloric effect , DC-EFM and 
integration over Si substrate is discussed. Finally, the specific objectives of the current research are 
outlined.  
Chapter 2 deals with the various experimental studies carried out in this research work. It gives the 
details of the experimental set up and the basic operation principles of various structural and physical 
characterizations of the materials prepared. A brief explanation of material fabrication, Microstructural 
and physical property measurements is discussed.  
Chapter3 involves the optimization process carried out to contain a phase pure PMN-PT structure 
without any pyrochlore phase. The optimization process is an important step in the fabrication of a thin 
film as the quality of any device is determined by their structural and Microstructural features. XRD, 
SEM, AFM were used to characterize the observed phase formation in these films. The optimizing 
parameters studied here are fluence, target-substrate distance, oxygen partial pressure, substrate 
temperature, repetition frequency.  
Chapter 4 deals with the charge storage measurement of the 0.85PMN-0.15PT thin films at room 
temperature. The charge storage density is calculated from the P-E measurement during the withdrawal 
of the electric field. Several studies previously reported have mainly focused on antiferroelectric as their 
charge density is higher. Ferroelectrics are not preferred much because of the high remnant 
polarization. Relaxor ferroelectrics have a slim P-E hysteresis loop and are characterized by a low 
remnant polarization. The energy density is calculated for different thickness of the film. Thickness 
dependence is studied because for a ferroelectric breakdown field is a very crucial parameter which 
affects the maximum saturation polarization. Hence, a higher electric field cannot be applied when the 
breakdown field is low.  
Chapter 5 deals with the electrocaloric effect of 0.85PMN-0.15PT thin films for different thickness. The 
alternate cooling technology is gaining attention because of the ozone depletion caused by freons, the 
working material for a conventional vapor compression cycle. The electrocaloric effect is calculated 
indirectly from the Maxwell’s equations. The Maxwell’s equation relates the change of polarization with 
temperature with the entropy change due to the applied electric field. Interest towards ECE revived 
after Mischenko et.al. reported a giant T change for PZT thin films at 226C . Previously such high 
values were not reported because of the limitation imposed due to the lower breakdown field .Relaxor 
ferroelectrics also show a giant T change. The composition studied here is 0.85PMN-0.15PT thin films 
with different thicknesses. This composition was chosen as their maximum dielectric permittivity is near 
to room temperature which is advantageous when put into use for refrigeration.  
 In Chapter 6 Dynamic Contact Electrostatic Force Microscopy (DC-EFM) is employed to probe the 
relaxor domains of 0.85PMN-0.15PT thin films deposited at different oxygen partial pressures. The 
domain images of polycrystalline 0.85PMN-0.15PT thin films on La0.5Sr0.5CoO3/ (111) Pt/TiO2/SiO2/Si 
substrates deposited at different oxygen partial pressures are presented. The oxygen pressure has a 
drastic influence on the film growth and grain morphology which are revealed through XRD and SEM 
characterization techniques. The presence of oxygen vacancies have found to influence the distribution 
of polar nanoregions and their dynamics which are visualized using domain images acquired by DC-EFM 
In Chapter 7 the piezoelectric response of 0.85PMN-0.15PT thin films are studied due to the electric 
field induced bias. From this the d33 value is calculated. d33 value is an important parameter which 
determines whether a material is suitable for device application (PZT).  But, for a device fabrication it is 
important to integrate them with Si wafer which is not a straightforward work .Hence, buffer layers are 
used to obtain a pure perovskite PMN-PT film. We have deposited 0.85PMN-0.15PT thin films of 500 nm 
on a SOI wafer and tried to investigate their piezoelectric application.  
Chapter 8 summarizes the present study and discusses about the future work that could give more 
insight into the understanding of the0.85PMN-0.15 PT relaxor ferroelectric thin film.  
 
 
